Abstract. CD37, CD53, and R2 leukocyte surface antigens are members of a novel family of structurally related proteins. They all have four transmembranespanning domains with a single major extracellular loop. The CD37 is expressed on B cells and on a subpopulation of T cells. The CD53 is known as a panleukocyte marker. The R2 protein is an activation antigen of T cells. The CD37, CD53, and R2 genes were assigned with the help of human/rodent somatic cell hybrids and human-specific probes to human chromosomes 19, 1, and 11, respectively. For the regional assignment, various deletion hybrids were used to map CD37 to 19p13-q13.4, CD53 to lp12-p31, and R2 to llp12.
Introduction
A new family of structurally related membrane proteins has recently been found. The lengths of the polypeptides vary between 200-300 amino acids. A characteristic feature of these antigens is their orientation on the membrane. They all seem to have four hydrophobic membrane-spanning regions and a single major extracellular loop which is mostly N-glycosylated. Both Nand C-termini of the polypeptides are probably localized in the cytoplasm. Several of these proteins, such as human CD9, CD37, CD53, CD63, TAPA-1, CO-029, and R2, have a notable amino acid sequence homology. The CD37, CD53, and R2 antigens, three of the twelve members of the family, appear to have a higher
Correspondence to: K. I. Virtaneva. sequence similarity (33%) to each other than with the other members of the family (<25%; Hof'ejgf and Vl~ek 1991).
The antigens show varied cellular expression. The CD37 antigen is strongly expressed on the surface of B cells and only weakly on a subpopulation of T cells (Schwartz-Albiez et al. 1988) . The CD53 glycoprotein is a pan-leucocyte marker widely expressed on hemopoietic cells (Hadam 1989) . The R2 antigen appears to be upregulated in activated T ceils (Gaugitsch et al. 1991) . The leukemia and lymphohemopoietic cell-surface marker, CD9 is expressed in pre-B lymphocytes, platelets, eosinophils, basophils, and stimulated T lymphocytes . CD63/ME491 is an ubiquitous component of lysosomal membranes (Metzelaar et al. 1991) and appears on the surface of some activated or proliferative cells such as melanoma (Hotta et al. 1988) .
The genes for most of these protein family members have been cloned and sequenced, but the protein products of the R2, $5.7 (G. Rovera, unpublished data) and rat CD37 genes are still undescribed. Several of the genes coding for these surface antigens have recently been assigned to different human chromosomes. The CD9 and CD63 have both been mapped to chromosome 12. CD9 was localized to the region p13 ) and CD63 to 12q12-q14 (Hotta et al. 1988) . The gene for TAPA-1, which is expressed in B-cell lymphomas, has been mapped to region pl 1-p15.5 of chromosome 11 in humans and to chromosome 7 in mouse (Andria et al. 1991) . A human 0X-44 homologue to the rat 0X-44 gene was mapped with in situ hybridization to region p12-p13 of chromosome 1 in humans (Taguchi et al. 1991) .
In this study we assigned the genes coding for antigens CD37, CD53, and R2 to different human chromosomes by using somatic cell hybrids and cDNA probes. 
CD37 R2
Chromosomes present
(+) Presence of CD37 and R2 genes in hybrids.
Materials and methods
cDNA probes. The cDNA probe for the human CD37, kindly provided by Dr. Brian Seed, is a 1.1 kilobase (kb) Xba I insert in the pCDM8 vector (Classon et al. 1989 ). The human CD53 cDNA is a 1.6 kb insert cut out from pCDM8 vector with Xba I (Angelisovfi et al. 1990 ). The R2 probe used was a 1.1. kb subclone generated by an Exo Ill deletion of the R2 clone in a pcDNAI vector (H. W.
Gangitsch, personal communication). This insert did not contain any
Alu sequences. The probes were labeled in vitro with 32p-dCTP by random primer extension using an oligolabeling kit according to the manufacturer's instructions (Pharmacia, Uppsala, Sweden). Specific activities above 1 x 109 cprn/~tg were obtained.
Hybrid DNA and Cells. The J1 human/Chinese hamster chromosome 11 hybrids, which have been described elsewhere (Glaser et aI. 1989) , were kindly provided by Dr. Carol Jones. All other somatic human/rodent hybrid cells and DNAs used in our study were obtained from the Human Genetic Mutant Cell Repository (Camden, NJ).
The chromosomal assignment for the CD37, CD53, and R2 genes were done with the somatic human/rodent hybrid mapping panels numbers 1 and 2. The human/mouse hybrid cell line GM10502, which retains chromosomes 5, 6, 7, and der [(19) DNA for mapping CD37, CD53, and R2 genes, respectively. The digestion solutions contained 4 mM spermidine. The DNA fragments were separated electrophoretically on 0.8% agarose gels (BioRad, Richmond, CA). The gels were treated in 0.25 N HC1 for 25 rain at room temperature, denatured for 30 rain in a solution of 1.5 M NaC1 and 0.5 M NaOH and neutralized twice in a solution of 1.5 M NaC1, 0.5 M Tris-HC1, pH 7.2, and 1 M Na2 ethylenediaminetetraacetate (EDTA) for 30 rain. The capillary transfer was done according to Southern (1975) onto Hybond-N filters (Amersham, Amersham, UK). The filters were irradiated with UV for 2 rain. After 5 h of prehybridization at +65°C the filters were hybridized for 15-20 h at the same temperature. The hybridization solution consisted of 6 x standard sodium citrate (SSC), 5 x Denhardt's solution, 0.5% sodium dodecyl sulfate (SDS), 10% dextran sulfate, and sonicated herring sperm DNA (180 gg/ml) that was denatured for 10 min at +100 ° C. The cDNA probes were denatured for 5-10 rain at +100°C depending on the probe, and 106. 10 v cprn/ml labeled DNA was added to the hybridization solution. The filters were washed for 15 min at room temperature in 2 x SSC and 0.1% SDS and at a maximum of +65 ° C in 0.2 x SSC and 0.1% SDS. Filters were then exposed to Kodak X-Omat AR film at-70 ° C.
Results

Mapping of CD37 to human chromosome 19p13-q13.4.
On human DNA, the CD37 probe recognized 11.5 kb Bam HI, 9.5 kb Eco RI, and 12 and 13 kb Hin dIII fragments. In the initial mapping of CD37, a complete DNA panel of 24 human/rodent somatic cell hybrids, which retained no more than two human chromosomes each, was used in the Southern blotting procedure. The hybridization results are summarized in Table 1 . The CD37 probe recognized the 9.5 kb human-specific Eco RI fragment in the human/hamster hybrid which contained a single human chromosome 19. The crosshybridizing 11.5 kb mouse and 16 kb hamster DNA human-specific DNA fragments (lane 1) was seen in four of the 18 human/rodent hybrids (lanes 4-7) which contained human chromosome 1. In the regional mapping a band was seen with the human/hamster hybrid GMll 173 (lane 8), which contained the region lpl2-pter, and no positive signal was seen with the human/hamster hybrid GMll 130 (lane 9), which contained the region lp31-pter. Lanes 2 and 3 show the mouse and hamster control, respectively.
fragments were seen in the same Eco RI digestion (Fig. 1) . The GM10502 human/mouse hybrid was used to assign the gene to region 19p13.4-p13 (Table 3 ). The CD37 cDNA probe hybridized to a 9.5 kb EcoRI DNA fragment (Fig. 1) The gene coding for the pan-leucocyte marker CD53 maps to lp12-p31. The CD53 cDNA probe hybridized to 12 and 13 kb Hin dIII fragments; to 3.0, 3.5, and 6.5 kb Bgl II fragments; and to 4.5, 12, and 19 kb Eco RI fragments. When the CD53 was mapped to human chromosome 1, a complete human/rodent somatic cell hybrid DNA panel was digested with endonuclease Hin dIII. The panel consisted of DNA isolated from 18 human/rodent somatic hybrids which had retained from one to nineteen human chromosomes ( Table 2 ). The CD53 cDNA probe yielded in the panel of 18 hybrids four positive signals, which all contained chromosome 1. For the regional assignment of the gene, two different hybrids, GM11 173 and GM11 130, were used. A positive signal was seen in the hybrid containing pl2-pter (GM11 173) region of the chromosome 1. The GM11 130 hybrid, which contains the lp31-pter region, was negative (Fig. 2) . From these results one can conclude that the gene coding for the CD53 antigen is located on the chromosome 1 region p12-p31.
The R2 gene maps to llp12. The human genomic DNA was digested with the same restriction endonucleases Barn HI, Bgl II, Eco RI, Hin dIII, Pst I, and Xba I, as was done with CD37. The R2 probe hybridized to a 22.5 kb Bgl II fragment and to a 4.0 kb Hin dIII fragment. For the primary assignment of R2 the same somatic human/rodent DNA panel was used as for the CD37 localization (Table 1 ). The human-specific 22.5 kb Bgl II fragment was seen on the human/hamster hybrid DNA containing human chromosome 11. The cross-hybridizing mouse fragment was 10.5 kb in size and the hamster fragments were 2.5 and 5.5 kb. For the regional assignment of R2 we used the JI human/hamster hybrids (Table 3 ). The clone J1-7 containing region 11p15-pter and 1 lpl 1-qter, J1-10 containing region 1 lpl5-pter and 11p13-qter, J1-11 containing region 11pter-q13, and J1-23 containing region 1 lp14- pter and 1 lp 12-qter, were all (except for J1-7) positive with R2 cDNA probe (Fig. 3) . This result showed that the gene coding for the R2 antigen maps to chromosome 11 region llp12.
Discussion
other on the chromosome 6 band 21.3. It is, however, not unusual that related genes are located on different chromosomes. For example, the human immunoglobulin (Ig) ~:, )~, and the heavy chain genes are on chromosomes 2, 22, and 14, respectively (McBride et al. 1982; Cox et al. 1982; Kirsch et al. 1982; Croce et al. 1979) . The Tcr o~ and [3 (Takihara et al. 1988) chain genes are in a cluster on human chromosome 14, while [3 Barker et al. 1984) and Y (Bensmana et al. 1991; Morton et al. 1985) chain genes are on separate parts of chromosome 7. Chromosome 19, which carries the gene coding for the CD37 antigen, contains many other interesting genes such as ICAM-1 (Greve et al. 1989) , C3 (Whitehead et al. 1982) , low density lipoprotein receptor (Lindgren et al. 1985; Francke et al. 1984) , insulin receptor (Yang-Feng et al. 1985) , myotonic dystrophy (Friedrich et al. 1987 , and CD33 (Peiper et al. 1988; Adriaansen et al. 1987) .
CD53 gene, which we assigned to lp12-p31, could be homologous to the human 0X-44 (Angelisovfi et al. 1990 ) which was recently mapped to lp12-p13 (Taguchi et al. 1992 ). However, the human OX-44 antigen has so far not conclusively been shown to be identical with CD53. The genes coding for CD2 and its structurally related receptor CD58 (LFA-3) are both located in the same area of chromosome 1 as the gene for the CD53 antigen. Interestingly, rat CD2 and CD53 have been recently reported to form a noncovalent complex in the T-cell membrane, which might be functionally important in signal transduction through the CD2 adhesion molecule (Bell et al. 1992) .
The gene for the R2 antigen is mapped to a region of chromosome 11. About 160 genes have been assigned to this chromosome and a considerable portion of them code for cell surface antigens. These include molecules that are expressed on the human leucocytes like Thy-1, CD3, CD5, 4F2, CD15, CD20, and CD44. The gene for TAPA-1 is located on the short arm (p15.5-pll) of chromosome 11 (Andria et al. 1991) . Other members of this family, i.e., $5.7 and IA4 (Gil et al. 1992) antigens are still awaiting chromosomal assignment.
